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1020020060923 <£A- 2003/7/2 

^ ^>ZlvilEJ ^ig ofl^]^ 0fl 2. ^(Magnetic Random Access Memory :MRAM)7> 

n>ZILil^ ^53] ^ofl 7-H>€ t-lHEil- ^1*>^ #*1 ^7l# STO^r. ^7) 

^71^, tih ^Jl-M -§-#*lH ^71 ^l-^i Mi ^a.^ ^s. tii i 

*l| 2 ^ ^ <^ ^*>^ ^€4, ^1 l -S-^^i ^-71 pI-zl 

=^24, ail 2 -§-^*lH ^-71 p>ZLvii^ ^i^el ^ *^sH| cfl-§-^ 

71] 2 7-l^>7l Tfl 2 7-1^- ZL&liL ^7l 711 1 7U> ^ofl 7^>^ #7l 

1 €#4 ^"71 711 2 7^> ^ofl 7-1^ ^>7] 711 2 4 V 7l *>ZL 

MM ^l^el ^1 7-1^ c-floiEil- ^rt^ ^ ^^-71 # i^t}-. 
£ 3 
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1020020060923 2003/7/2 

f>zn41^ €^ ollfisl^ ^H^ 3jS ^ H {CIRCUIT FOR SENSING 

DATA STORED IN MAGNETIC RANDOM ACCESS MEMORY. AND METHOD THEREOF} 

£ 1-& ^ ^(Magnetic Tunnel Junction : MTJ)2l #^3^ ^5.; 

£ 2^ -g- ik^S] *V^^ ^*HH MRAM-§- M-Hj-ifl^ H^; 

£ 3£ £ a>^*> ^Al^ofl ^7]^ ^-flt!: SIS. ^* ^ 

i 5fe H 3^1 £^>m ^71(180)^ -g-^H 4^- *)H AlJil-^ B^o]^! 

£; 

51 6a ^ H 6b^ ^v-fl^ « 7l#€ 3M^°fl 4eM ^^W^i 

#(C1, C2H #<&l-g- SL<^fe SL^ls =L^H 

E 7a ^ £ 7bfe ^fiHl il ^ MTJ cfl^l 7i*J-8: <^^*H A i *1^3H^t!: ^4* 

10 : MTJ 11, 12 : 

13 : 14, 15 : ^ ^> 
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1020020060923 ^ <£*} : 2003/7/2 

16, 17 : tfjEl 20 : ^^lB ej-^l 
21 : w]BeKl 100 : MRAM 

110 : v\)5Lz\ £ ^eflo] M C : >g 

120 : tijBBl-^ ^m^- 130 : Hej^l 3)3. 

140 : sf^l *m^f- 150 : ^£.2^1 ^d^-^ 

160 : tq^lH e^-o] ^s.^ 170a, 170b : ^^.^s. 

180 : ^^71 181 : 

185 : #-=-71 

■& *r^il^ ^ ofl^li ^iJEel (Magnetic Random Access Memory HI 

# c] ^fla^S.^- n>nifl^ ^ T3fls.s] ^ofl 7l<y^ ell ol E-| £ 

v}=L$m f&Tg <^M]^ v)]3.£\ (Magnetic Random Access Memory, o}^} MRAM°|Hf 
(magnetoresi stive) °l-§-?ri=f. ^ x} 7 ] z]*^ tfl 7> 

sj- ^tfl^i) 4^ a^#4 ^tfl^ ^cf. 
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1020020060923 #^ 2003/7/2 

U"3M "^(parallel)" ^Jl S-f (low : ^, "0")*1 # 

Efll- q-Bfvflrf. ^ijj-^ol oVcflol^ »al ig Kant i-paral lei )" ^B^JL ^SH 
*H(high : ^, "1") ^-e)]# q-^^cf. 

£ l£- Ei^ ^(Magnetic Tunnel Junction : MTJ)Sl ^S^l 

JE 1* #35:*MS, MTJ(10)^ *Hg*l|t! 1 ^(11)^ 2 #(12) ^ ojs. xy 

°H ^1 o] ^ ^<£#(13)# S^t]-. ^ ^>(14)^r #(11)^1 #713-° S <2 

^Slol, #ff- ^K15)^ #(12H #7l^o.S ^^tf. #(H)^, #(11)0^0) 

7>7jl7> ^^(16)4 ¥°]JL, °] ^EK16)^1 «|fAS ^ 

-ft-^Tfl, #(i2)£r, #(12)*IH3 AAA nmn)A ^^Ml ^ 

o)JL, o] (17)31 w o V^o.S #°l51-ij- ^^tf. sgo^ j^a-^ ^(16) 

^ <^1€ "o V ^AS(£ 1^ 2\}o}*] -f^l^M ^Ei(17)^ ^ iE^ ^ 

^ <>i^ 1^15 7>^?V ^o.S 7>^*>Cf. 

ul^lB s}<?l(20)^r #(12)^1 *1^*V ^1 afl^S)^, o] epy^ 

1- nfl S1EK17)S1 - ol^ f,(12)o)l ^^£]7fl ^Cf. 

^ ^}7fl2l ^-g: ZL ^aJf^Al tf]Bl(17)7l- #ol^ «j-^g- ^^Vr}. 

39? -§-§-^^1, #(12) ^ <y^*V ^ofl «fl*lSU, S^oflAi l-^ 7 >ir ^ JE^H 

^SL^r ^<LS- <&$rf>}±; yA^-S. ^Al^ V] ^o) (21)54. ^ 2 *}7ll3l^r *fl-g-*Hr 
^sll" ^£ SU^-. n^t!: -§-g-^l^, q^lH 5^(20) ^ HlHe)- < ?l(21) JE^MHo] 
#(12)oflAi^ tfjEi(17)# ^%i^c-ll ^Asr>cf . ssneflnj z. •7l«a(write)' 
£=ch1a-1, ^ sl-ol^ ^}<^}7} 2 €3 ifi-g- ^JEiefl^RrHl ^el 
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1020020060923 #^ 2003/7/2 

MTJ(IO)^ ^ 7)\3] DflS.El ^j-Efl ^, tf]E]#(l6 g 17) ol ^^H, # 
*>(14 ^ 15) A>ol^ ^-sj-o) ^ i7 } ^-Bfl^-, ^#(16 ^ 17)°1 ;§ti]-tfl5. 

^, #*K14 9? 15) A>o]sl x^J-o] 5|tfl7> S]^ ^-Efll- ^Hrtf. a|cfl ^/SL^r ^ 

^ ^H Vo l ^ 4-<#€r U-^ol 9X^, O.S., wj-^^r #(13)3 3f 

7111- ^^l^ ^/HL^ #(11, 12 ^ 13)^1 ^Jg ig^o. B}^^?)^ £ ^ ^ojcf. 
^fi^l, £*>(14 ^ 15) AVo]o] ^ ^, (tunneling) *i<3#(13)3 

^cN ^^"71- 34. MT.H t-Ho]E-l7> "0" "l"*] *1# ^^*>^ 7V7l7^%V^- 

(Magnetoresister Ratio; MR)^- 20%5. -ft-*l^-7l 3*lHfe ^^#(13)^1 ^1* ^fl-?- 
^^>7fl(0.lAolsr» -B-^l o> ^.v^ ^^-2) «-i=J-oj 

^efl^l MRAM-c- ^He^ Dfla.El z]-z]- cfl-g-^ 7l§ nfl^ <t^£- ^}^}3X 

A. #*1 ^3 7l§ CflolE^ DflSLE) 7l§ ^SBl >g^ Zj-Zf «y 7 RV 3=L ^ 

I" ^^l ^ ^>7> nfl °1 WlJ2*>o^ c-llolE^ ^ uflfiEl 

C-HojE^ ^^>7ll ^^7] ^tflA^ tlHEi ^4 7l$ 7>7] 7-^3 ^ 

6 > tb4. ^ cflolE^ ^u2^ 7l^ X}7] SL*}7\ ^3)- 
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1020020060923 %.^ <£*} : 2003/7/2 

^ ^ #-g-] 

<27> (^) 

51 e} 1H1 *i#£ cflojEi!- €^*Hr #7l ^ae] Us. 2fl 1 

#7l n>ZLtile3 ^ofl ^ i c-flolEi-I- 2}#is}-fe #7jl<4 ( #7l *\=L^ *H5LZ) ifi5L 

*)1 2 ^ <§•> Jl , #7) pfzivilBl pfl^ ^cq ^*j-^ofl cfl-g-*^ 2)} 2 ^<y-# # 

*l*Rr #31 H^^L #7l 2fl 1 #<y-4 # 7 } 2fl 2 Oj-g-^c^ # 7 } P>ZLVil^ 

^2.^ c-flolE^l- ^t<5>fe #tH« S^t)-. 

<29> ^Al^ofl ^^l, # 7 J 2)} 1 ^4 #7l 2 ^i<a-a) o)-g-^c^ :£ 

^ #?1 n^W: #7l n>HVillJ ^7l<y^ ^-Tfll- i^-fVcf. 

oo> w>^t!: ^*HH1 &<>H ( # 7 ] ^ x ^. 7] 2 ^^q. 

<3i> aV^-^^ ^Al^o!] ojo^ # 7 } 2fl l ^Jff-^ # 7 1 ^1 2 &JfrS>\ 9Q%°}v\. 

<32> o] ^Al^ofl 91°)^, #7l 2fl 1 ^. 7l ^ 2 ^oj-o} oj-g-^ # 7 | u}n. 

141^ "flS.^ *i#^ ^olE^l- ^r^^ #31tt, #71 2fl 1 ^^l #7] 211 2 

^.4 ^ ^ #7l n>ZLVllBl ^ofl 7-1 C-flolEl7> ^E) "1"<?1 ^;^§>ZL, 

#71 211 1 ^4 #71 2fl 2 *}-# ol-g-^H #71 P>ZlVil^ Dll^sl iH] 7-1 #£ 

HH^S ^rt^ ^711^-, #71 211 2 3i<y-ol # 7 } ^ X ^oj-^cf ^ nj) ^ 7] pl^^ 
^ "11.5.^ -gofl 2l#^ CllolEl7> feE) "0"<?1 53 ^Mg^C}-. 

<33> ol ^AHlofl ^o^, #71 211 1 eflt^ #71 211 1 ^H^fe fee) "0"^1^-. 
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1020020060923 ^7>: 2003/7/2 

4^ 3<H:E n^o) v\n.v])^ Dfls-sl ^ if-*>^ u> 

^-§-*Rr *)1 2 3^ ^ *fl 2 7^ ^cf, ZLSjjL ^-71 ^ 1 7-HV 

^71 *fl 1 ^<a-2f ^-71 2 ^*EH 7^1-^ >y-7l 2 Oj-g- 

^l^E^ ^jojE ^ JEL^o]^ cg^ig ?)HH» ^ 2 B^^E^, ^>7l *fl 1 H 

^"71 *fl 2 B^^l^^H =efl^] #7^ ^7} ^7] PflSE] ^^cf. 
wHNlt!- *^HH ^7l *fl 1 ^>7l ^fl-^ ^ ^-7] nfl5.iL) 

€4 dbi ZLZ\JL ^7) *\] 1 +$\^ <g^€ TflolHl- ^1 1 

i^^ 1 H^^l^Ei ZLE]J1 ^>7l ^ 1 i^^l H^^l^iE^ ^-71 * A\o] 

^"71 ^1 2 7-RV ^-7] * ^>7l n>ZLti]E3 <^^^ 

= efl<?l, zl^ji ^7i i AjJisq- <^^^l tIHh-I- ^) 2 i^^i JE^ffl 
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1020020060923 ^7}: 2003/7/2 

X]^B\ ZLZ\JL #7] X] 2 ifl^J BSE^E^ ^7} ^ ^<y- Afo]o1] <g^^ 

o] $1^^, Xl 1 ^ X] 2 ^3flA]E^^. ^^j. H 7lo}cf. 

#^-7> #7l nj-ZLVil^ x*\]5L£\ ^£JL ^€ "fl #7l X] 2 ^ ^Jl^r, # 

71 # 7 ] Xl 2 #^-7> ^>7l n>ZLti]EJ nflSE) S£S. *fl 

4. 

«H^3r ^Al^ofl ^o^, #7) ^ #^7l^, #7] XI 1 T^j- ^nj-ofl *| #3 # 
7l 1 ^-a-o] #7] Xl 2 7-^ ^t=H} 7^x>^ # 7 ] ^ 2 ^oj-^rf ^ Ufl 4V 7l n>ZLV)l 
^ *1]S.E] 4.^) 3H^7> ^E] ^ ^t^JI, ^-7] XI 2 7^> ^cj-ol] 

#71 XI 2 #7] XI 1 7^> 4^ofl T^J-sl #71 XI 1 nfl # 

7l oj-zH-illJ Cflo]B)7> ^E] "0"^1 ^ AS. ^r^tVcf. 

■& £4€ ^HM ^§>^, P>ZLUil^ ^ on^l^ XlS-El^: ^JELEKH-, wl 

BeKl« zle]ji c}*1b e^ll:^ je^^^^i sj t ^ <il-S «fl<l^ *>znfl^ Xl£.E] 
^1-* 3Hr oflS-El ^ <X efl o] Z1E]J1 # 7 ] Xl£E^ ^ <Xeflo] ^ u>ZLi.ilBJ xjfls. 

E] ^o)l 7-^^ cflolE^ #*l*Rr ^7l# i^tB}. ^"71 ^"71 ^7}^, XH 

-§-^-*fl^ ^-71 ^Vjl^ D|l£E] XI 1 ^^-Sf X) 2 *}^f- ^ 

S.E} ^ T^j-^o)] tfl-§-*)-^ XI 1 7^^>7l ^tb ^1 1 ^ ^2)-, XI 2 

% US. -§-^-*flAl #71 u>zivilEi ^s.^ ^o) Tl^-^oH cfl-g-^ x] 2 ^i<a-* 7i#^> 
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<42> Oje^ P>ZLVHB3 jjfllg 6fl^ ^flS-B^, 71^ A>-g-^l £>JL U>HLilEj 

S c-flolEi «S] ^^(^sHO*^ ^17> ^<5>*1 ^(yield)^: S}- 

<43> 

<45> J£ 2^ w>^-^*V ^Al^ofl trj-s MRAM-a- £^<>m. £ 1# % 

^*>^, MRAM(100)£- ^lS.Bl -i ^efloKiH)), ^^^0] ^tL( 12 o), t^lB 
^(140), *-)l=eKl ^-*f(150), t^lB HK1 #^1(160), «lHe^«y #^€€-(170a, 
170b) =LZ\JL ##7l(180)# S^rf. ufls.e) ^ o] eflo] (no)^ ^c^o]s. 

(WLO-WLn), ti ]H2}^If ( BLO-BLn ) ZL^JI t\x)^ e^lKDLO-DLn)^ m^^l-ol) ^ 
MS Hfllfl nflH.^ «(MC)* i^tlrCf. pfl2.E] ^(MC)^: ^M-^ 

€ B^^l^Bi(TC)^ *H-o] MTJ (Magnetic Tunnel Junction)!- S^Vc}-. 

<46> ^ 2=5^1 ^^.H(i50)^ -r} .E. 5} <y -{§- (WLO-WLn ) °1] tfl-§-*H, ^ = 5]-o} 

^ PM0S ^ NM0S B^*)^ ^"!-((151_l, 152_l)-(151_n, 152_n))* S. 

^m^fl , H^^l^El #(151_1, 152_l)^r c^lH e)-<y # -ft 31 (160) 4 £)E.e)-<y 
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1020020060923 2003/7/2 

(WLO) ^-°H1 ^llS <£%S\51, 7flolHl-^- «8 ^ = ^1^ a]^(X0)^ <g^siq-. 

B^fl^l^Ei ^-(151_n, 152_n)^r e}<y (160)^ £| JE.fi}- <£(WLn) *>°H ^ 

3. ^^£)Jl, 7flo)E^o. ^ o|^efl^ AlJi(Xn)^ oMsJcf. ^JElfiKl 

(150)fe «8 ^JELefl^ ^lJll-(X0-Xn)ofl l-^Aj cJ^e #^(160)Jl5L^Ei £^ 

« flH.Bj-*l-&(WL0-WLn) ^ *>i4# ^th}. 

tii He ^o] A]Efl«. (120 )^ H]H5}<il#(BL0-BLnHl AA tfl -§-*}-*=■ H€*l^E]s. 
(121_l-121_n) g H ^fl ^1 >i -i- ( 122_1- 122_n ) £ft>4. cfl , H^l^(121_l) 

fe- «1B2K! 3-fRl(170a)4 ee|o| i HlBe|-^l(BL0)4 zl^ji <g c) 

iffl*]^Ei(i22_l)^r «lBe*Sl *l^(170b)*]- ^efl^l, wlB&Kl(BL0)4 ^ 

- ^ <H^Efli AiJi(YO)^ TllolHl- 5Hrtf. H^^l^EKl21_n)^ «1H 

^ €^-€(170a)^ ^-^1^, HlH^<?l(BLn)32]- ^ <g o^e^ 

^l^(Yn)2f c^sj TflojBl- H^^liEKl22_n)^ h]e^o] ^^(i 7 0b)^ 

^ ^efl^l, al S el-o](BLn)^ <?i^^ ^ zle):el <I A]J:(Yn)£f <3^4g Tflo] 

HI- HlHsRl ^JfL(120)^ <i <^2=Efli ^lJl#(Y0-Yn)<Hl a] He}-*] 

^31(170) <LS.^ ^^w>o|- alHe}o]#(BL0-BLn) ^ <5fi4# -*d^W. 

r^|e efo] a]ih«-(140)^ H^^]^l-(i41_l-141_n) ^ B^l^Ei^- 
(142_l-142_n)# S^tH}. H^^l^E^(l41_l-141_n) ^^g- cfl-§-*Hfr QA$_ 
*fl5.E] «(MC)^] IS H^^l^El#(TC)^ Ji^ofl = 

(142_l-142_n) zj-zte, MTJl-sf c]*}j= #(DL0-DLn) # tfl-g-*}-^ ^4 
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1020020060923 2003/7/2 
€ ^*1H <g^^ =efl^] , 3*1 *i<y-jz). o^s} zleIjl 7l<y <£MH1- ^5: 

WEbH -§-#«IW ^*1B 2} oil- €^ ^"i: l^W. 

<49> B&1*>*1 513.(130)^ flHs|-^l#(BL0-BLn)^] zj-zj- tfl^-^ Hel^l B$*l^ 
#(130_l-130_n)-i: i^-*Vcf. B^*>*1 H^^^B]-i.(130_l-130_n)^r tfl-§-*K^ 
W <?M£ 3*1 ^ Efl-§-*Rr a>^^i ^ <H = 3ji -il 

Jl#(Y0b-Ynb)^ TllolEff SHr*}. 5]S(l30)fe <I ^£efli 

-tl5:l:(Y0b-YnbH efll^ «]H B}o]s. (BL0 _ BLn) ^ : ^ #<&CL3. ^ifl^t}-. 

<50> ^^1 ^<*HH *4€- #*1 ^71(180)^ 3^ £ 3°11 

5^1 £ 3^: #S*>^ , #*1 ^71(180)^ #-!HJ(181), Bel*>*l B$*li 

Ei(182), i^^l H 31*1^-1- (183, 184), 7l sfl a] E^(C1, C2) ZL£lJL #^-71(185) 

<5l> ^s.^( 181 ) o. pM0S e ^^|^ E ^(201, 202)^- NM0S B ^ ^Ei#( 203-206 SL^ 

PMOS B 31*1^(201)^ ^^(VCC)^ <£^& i^, ^ tIHB-^ 5> 

^cf. PMOS H^fi^liEl (201)^1 = 31^14 TllolBrr *\S. PMOS B^l^El 

(202)^ #31 ^^(VCC)^ i±, HlH5}o](BL)^ JE.efl°l ZLE) Jl PM 0S H 

31*1^ (201)21 7flo]E ^ £5il<y4 <£;g£ 711 o] HI- 3Hr4. NM0S H 31*1^-1: 
(203-205)^ PMOS B^^l^Ei (201)^1 Hell^l^- 3*1 ^ aVo^I *1!5. n# 
^ Til °lH#-& *fl 1 #fh ^JL (PCURRl)^ <£^.^. NM0S B31*liEi (206)^r PMOS 

^31*1^ (201)^1 Hel«?14 ^x] A>o]oll cg^SlJL ZL^S} TflojH^ *ll 2 ^ *ll 

<H ^1^(PCURR2)^ -a^^ 1 ^. 
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<52> % 7 ) NMOS H € *1 ^1 «" ( 203-205 ) 4 NMOS H ^1^(206)5] ^ 3.7}% S^sH 

PMOS ^(202)21 ^efl<?l# ^§-*fl tilHe}-^ (BL)iL 3. 3Hf^ ^ 

^ <>1 ^HH^I, 1 ^ afl<H ^]Jl(PCURR1)7> «fl PMOS e^^i^Ei 

(202)^ JL ^fR^, 1 *)H a1Jl(PCURR1)4 ^ 2 *)H ^} 

^(PCURR2)7> %^5}-€ PMOS BSE*1^EK202)^ £^1°J^ JL = ^r 
0.9i°14. o]^, # 7 ] NMOS B^M^Ei €-(203-205)4 NMOS H€*l^Ei (206)°] 2.^ Id 
^^)5i-8- ^1 = ^ ^^-4 <$o) NMOS E)^-( 203-205 ) ^ ^ nfl * 

<53> S£^>*1 H ^1^(182)-^ «lH2l-^4 ^3K1, 3^4 

H ^1J1(PRECH)4- TflolBl- ?Hr4. 

<54> H 31*1 ^(183)^ w]eel- < a(BL)4 <M^. -E.el]°], zle|jl ifl^J 

JUIS0D4 TflolHl- 3Hr4. ^l^fl^l&|(Cl)^ ifl^J B®*\ ^(183)2\ ^4 

^ *}°H ^€4. ^^^i ^]Jl(IS01)7> ^ wlBe^^l 

(BL)4 ^^eKCIH 7i^€4. H ^1^(184)^ h1H4<>1(BL)4 

^ = efl<?], ^$\% ^1Jl(IS02)4 7fl o]h» 3Kt4. ^^^1^(02) 

^ B ^1^(184)4 i^4 ^4 ^ *>°H ^^^4. ^BS, ifl^) >0 

X(IS02)7> nfl HlHe}^l(BL)4 ^l^l 7^^(02)^ 7-R v €4. 

<55> ^ ^ 7 |( 185 )^ PMOS B€4^1-(211, 212)4 NMOS H?H*l^-i-(213, 214) 

* S^-W. PMOS ^.$4^(211)^ #31 ^(VCC^ 3E.eflo] ^ t1H 

HI- ?Hfr4. PMOS ^$4^(212)-^ #€ ^i < a-(VCC)4 PMOS 
S^4^e|(211)4 4°lB4 -E.efl<y us] Ji PMOS ^4^(211)4 H.efl<?]4 ^ 
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^ 7lHB« NMOS H^^1^eK213)^ PMOS B^*]^ (211)sj := 31 <?] 4 

^ = eflo], ^4 4^ ZL^Jl PMOS B ^1^(212)^ E5fl^]4 <£^€ 

7fl°lB# 5Hr4. NMOS B€^]^bK214)^ PMOS B^l^i (212)£) JBefl<?14 <g^^ = 
efl-a, 3*] <g^^ PMOS B$*l^£i (211)^ ^3]<?14 tIHb 

1- ^71(185)^ ^^aIe^I-CCI, C2H ^i^l:^ *H cfl-S-^Rr 

<0s(SA_OUT)l- 

MRAM(100)2l ^-g- ^€ 5L^## ^dE^H 
il^W. £ 4fe £ 3<*fl ^71(180)^ ^*J-<q ^ ^--g. 

#31, S100<^H, #^(181)^:, ^1 1 ^ *1H ^S(PCURRl)^ *^3H -§-#*fl 
^ ^ <^^efli ^15l#(X0-Xn)2}- 1 ^H^efl^ ^l^l-(YO-Yn)^ *}-eH *}ZLi--ll^ 

i|(MC)B 0.9il- *#$th ^^tb H>«q- ^J-o], NMOS B^*l^£]-i- 

(203-205 ^ 206)°1 fiL^- H -grSl^ nfl PMOS B^l^ (202)^1 ELefl<=]^ -f^ H]B^ 
<?1(BL)BS #^Hr ic-lJl, NMOS B€*l^(206)^r H BH£]J1 NMOS B^l^ 

^#(203-205)^: € °H PMOS B^^1^(202)S) Ee|?1|. ^-«fl tilBBj-^CBDB 

B ^sqir #^Hr o.9i<>m. ^ *fl l ^3 ^ls(lS0l)7> %>8s*5qoH i 

A3) B^*l^eK 183)7} € ^€4. ^el£.B, PMOS B^l^Ei (202)^ = efl^l^ ^isfl 
*lBe}<y(BL)BS *lfHz- 0.9i$} "llSLel >t(MC)^ MTJ2} t^SH cfl-g-e}^ *) 

Bb}<?1(BL) ^^-ol ^sflA-|E^(ci)cHl ^^t}. 
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<58> #31 siHHH, a o v 7 ) -KMOS. tin 3 »0"^ 7]<y^4. 

^(parallel)" #Efl7> sjJES- c]*}B e}-o]o.5. ^*Rr ^JlS.^ 7}^t}x^. 

<59> cf^l S120^H, ^^-^(181)^, *H 1 ^ls(PCURRl)^ 2 #ff- ^] 

3l(PCURR2)3] *^sH -§-#*IW ( «g o]c e fli AljLlrCXO-Xn)^ <I *}iLl- 
(Y0-YnH *)-2H ^(MC)S #ff- i# ^^t!r 

*W NM0S B^H^]iEil-(203-206)ol J£-*f- ^ ^^^r nfl PM0S B^]^ (202)^] 

^31 «?!-§- *«fl ti]H^<?](BL)AS. -^^-Sl^r 3^fHr i^lcf. ZLS>}- s-Ajofl ^ 2 ^ 
Jl(IS02)7> ^sj-sH^I H^fl^l^i El (184)7}- H -gr^^-. nei^S, PM0S H^^l 

^ (202)5} -Elefl<y# #*fl alBH}-<?l(BL)i>.5. ^s}fe #fRr i£f nffiej H(MC)^ MTJ 
2} T^SHl cfl-S-s}^ HlBs}-«y(BL) 7}^^Ei(C2)^l ^^cf. 

<eo> #3] S130°1H, ^ 7 i( 185) ^ ^|2fl^l^|(Cl)^l 7}3flAlE-}(C2)on 

*H>^1 *HI tfl-g-^ c-flo]^ ^ls(SA_0UT)# 

<6i> £ 6a ^ £ 6bfe *V^L^ *fls.EL] ^ofl no)t]d\) x%z).X\ 7) ^fl ^1 E-) 

#(C1, C2H 7^>s]^ iL<^^r H^^cf. 

< 62 > nj*^ s_ 6a^r ^Sj^l 4(MC)°fl 3HEi7} "0"^ «fl T^A] 

3#(C1, C2H1 *RVs^ ^°rt^r iL^^Hr v}=L^)& tflliE] ^(MC) 

$]o}&\ 7 } »o»^ ufl, u>ZLUil^ u\}5_€{ 4(MC)^ RP 0 !^ 

1 -^(^l S100HH TisflAjeKClH 7-}^-s)^ ^^(Vl)^- 0.9i * RP °}JL, 
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2 =■# ^-*K#7)1 S120)°)H ^3jjAl^(C2)«^l *H v 3tt *1$-(V2)£: i * RP ©1^. ZL 
VI < V2°14-. 

7\)^n*\, £ 6bfe *}=L^ *\)3-?] iS(MCHl ^olB) 7 > "1"<13 nfl ^ 

afH^lrCCl, C2)°fl ^#£)fe Ji^fe v}^^ *\)3.?1 

€(MC)<H1 cflolEi7> "l"<a *fl, ol1S.sl €(MC)£l a^-fr RA<5|5} 

*fl 1 ^(^l S100HH ^sfl^EKCl)^ ^i^r ^(Vl)^ 0.9i * RA 
7l«y l£*J|(S110)4M ^1-2.51 €(MCH "0"<>1 *1 nfl ^ 

tll^ ^l5ie] H(MC)s) RP^ XI 2 =■# ^(#31 S120)<HH ^^)a1b)(C2) 

^l^fe 3l$-(V2)€- i * RP(3r, RA>RP)°14-. T3>nvll^ u)|£e] ^ 

^Hf vfl ^ ^tflofl n)-^ ^ 2)^4 2|tflsM- 5>^4^. 

^^(ra)^ 2=|i«-g; 3Hr^. ^32.3., VI > V2ol4. 
o^^ > ^sflAlEil-CCl, C2H1 #<y-l-(Vl, V2)^ *}5LJf 

€(MCH1 dl°1^7> feel ^^^1^(C1)<H1 *1^€ ^(VlW ^3flAlE^ 

(C2H ^<a-(V2)^.rf ^-0.11.3., ^71(180)^ *>o] efl^(^, fee] T)^ 

cflolE] >0^(SA_OUT)«- v\]3_Z] ^(MC)^l ^]o]El7} fe 

E] '0'<U nfl 7lsflAlEl(C2)^l ##(V2)ol ^3flAlEKCl)<Hl ^^-(Vl)Jitf 

^7l(l80)fe S-f efl^C^, fee) '0')s] cIMe) ^]Ji(SA_0UT)l- 

t^W". fe ^ofl o 1 ^ > 71^ A>-g-§>^ »JL n>ZLVilB3 oj) 
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<65> #31 S140<>]H, MRAM(IOO)^ (186)3.^-1=1 #^3^- A}jr 

(SA_0UT)1- #71 ^>zlv|1^ cfls.^ >i(MC)3. ^7lS3t!-4. ^"#tr wl-21- ^ t-flo] 

Bl ¥^ "0"^ 7<M|3. 7l<a«flA-l ^efl HM3# 4^*r^ 4^ ^ 

# (destructive reading) °]E.£. ^sfl HH^S. ^Sflo^^ *Vt}. 

<66> £ 7a ?! £ 7b^r *fl2.e] €(MC)^ MTJ cfl^l ^SJH *l"M°l'a* ^4 

£. zj-zf Jia^fe S. 7a^r ofls.e] ^(MC) vfl£| MTJ cfl^H ^^ol 

2.5kQ<?l ^U 1 "^ ^^tr ^-f #^7l( 185)3.^ 3 #^5]^ tlM^ ^|Jl(SA_0UT)-& 

i^rl MR(Magnetoresister ratio)£r 20%°] ifl °1 4 . £ 7b *fl5.e) *L 

(MC) iflsl MTJ nflAloll llkQSl ^tr (185)3.-^ # 

dlo]El ^ls(SA_0UT)« iL^^r^ OT. n}^}*! 3 MR-c- 20fto]iflolcJ.. 5. 7a 
^ £ 7b°1H 5U^r «>ssr ^1, *11r33M 2.5k£WH llkQ.2.3. ^St^^H MR 1 ?]: 

20%* ^71(185)^ ^lS-el tH>£ cllolEl# ^^>7fl 

<67> ^Al^Oj W}^^ ^Hl« °]-g-*H £r ^^^^1^. * ^ ^ 

^ £^ <« 5? n ^>tb £r SflS^ *V3l^ ^oicf. 

45rH, ^Hflfe =L^tt ^ «fl# g ^Af*> ^# s^l- if-^ ^^S. 7} 

<68> ol^ ^ ^. ig-tgofl 7l§ g-fr A>-g-^l g>J7 n>3lt|l^ nfljEE] ^ofl 

€ 3Mb|* ^^}7fl ^ o^uf. 71 § A}-g-* r *l &O.H.3 3? 3. ^ 
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1] 

#7] P>ZLV)lHJ ^2. ^ ^IS. Xl 1 ^-5}JL, ^7) v\=L^ ^S.51 ^ ^ 

tfl-§-*Hr xl 1 &<&^ #X|*H=- 
#7l p}zLvfl^ xiael *fl i *i#*Rr ^^1^; 

#7l nVuvil^ Dfla.el >is. xl 2 ^-^Vji, #7l xiSLsl ^ 

Mi tfl-§-sHr xl 2 ^<y-* #*i*Hr #31; ^bJji 

#71 A 1 #71 Xl 2 ol-g-^>c^ Aj-7] p>nv1l^ nflS. £1 *| 

#£ CflolE-H- ^^Rr #7)1 » i*h?Rr ^ ^>ZL Villi ^ ofl 

£el£l cfloiei ^ « 0 >^. 
2] 

xi i %hi sa^^i. 

#7l X| 1 3 #7] XI 2 ^l^*>^ #71 THHEl!- #71 P> 

q*H*z XI 3. si Si C-flolE-l ^ ti o Vi^_ 
3] 

XI 1 %H1 5^^, 

#7l XI 1 #fHr #7l XI 2 ^J!±i} 3^ ^8^.3. t?}^- ^ ofl 

Xls.el<*l ciloiEl Hj-i^. 
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A <M X] 1 #^fKr ^"71 *|| 2 90%<?1 ^$<L3- *}=L^ ^ <2fl^j 
5] 

6] 

4 $a<H>H , 

^71 1 ^4 ^"71 2 #<y-Sj ol-g-^H -^7] n>J!Vi)^ nflS.^ ^cfl ^ 
#3 *M3* #^SKr #7^, 

^71 XI 2 ^IH ^-71 X] 1 ^iH} ^8: *4| -*7l n>ZLVfl^ nflH-iM ^ 
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[^T 1 * 7] 

^"i- ^^>7l XI 2 7-^ ZL^ZL 

^7} X] 1 ^cf<Hl Aj- 7 ] XI 1 # 7 ] X] 2 T^V ^c^] 7-) ^ 

71 XI 2 ^1- °l-g-*H ^"71 P>Z1V11^ ^ofl 7-1^ tj)o]B]^ 

l^^r 8] 

*ll 7 %H1 sa<>H, 

HQ &<&*\r ^elltl, * ^-7] ^eflojo!!. XMH» £tz XI 1 

B^^l^Eisq-; 

efloj^ cg^jg Xl^lHl- XI 2 B^*!^ <2f; 
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#7l 7% 1 H€^1^E^ j^o]^ xfol^l of^jL, z^o} 7|]ol 

B#<>1 af| 1 ^IJLSJ- 3 H^l^Ei!-; zz.e]jl 

#7l 1 H^XliE-|S] =eflo]j4 ^-71 ^ Aj.ojofl c^Sjjl, ^ol^} ^ 2 

#7l ^1 2 H^l^E^ ^eflo] ^fo] ^s 7> ^ ^ ^Sjfe- 3^ s 

9] 

#7l A] 1 7-1 ^- 

#71 *lfHa ^ #7] Pll^Bl ^ozf o^S} =eflo], ^ ZLSlJl >^7l 1 

#71 1 H^liBlo] # 7 ] ^ ^ £<y. A>oH | ^ 2 ^ 

[^n^J- 10] 

7 %H1 S^l, 

#7} *fl 2 71 # 

#71 ^^-^ ^ #71 nVuvil^ nflsel ^jzf o^s} JELefl*}, H^ji ^ X 

#^4 711o1h# ^ 711 2 H^l^Bl; ZLSlJL 

#71 *)1 2 i^^l H^l^E^ #71 ^ ^ A\o)6\) <£ziQ ^)1 2 Tl^fl 
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11] 

^7] 1 ^ISL^r, 

[^^J- 12] 

*n 7 %hi sa^i, 

#7] afl 2i^J -^sife, 

#7] ^^Oj^tLE^ ^V 7 ] *fl 2 ^7} #71 v\}S.^ * 

13] 

*H 7 &<H*1, 

#7l ^7lfe, 

#7l ^1 1 ^^ofl >y-7l ^ l ^J^ol 2 ^^ofl # 

71 Z\] 2 ^iH} TJfl #7l D}ZLV11^ Pil£E] ^ofl 7>i#^ cflolE|7> fee) "l"^ 

5- ^I^Rr ^ ^^SLS. *>fe p>nMl^ ^ ^il^ °ll2-e)^ c-JMsl 4fl# sis. 
14] 

^1 7 iHl &<^, 

#7l #^7lfe, 
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%7] *fl 2 #7} *fl 2 ^7) 4 1 ^6]) Aj- 

A A 1 ^iLtf ^-ir nfl p>ZLi4]^ nfl^ ^o)] *] eJ)o]e]7V ^s] »0"^1 ^ A 

5- ^-tel-b 3# Sj-fe n>zivilBq ^ ^M)^ Dfls.^)^ cf)o]E) ^ Sis. 

15] 

^-71 ^5.5} ^ o^joj vfl AJ^^ ^>HV|1^ ^ss) ^ofl C-llolE-l# ^1^ 

#*1 #^711- i^>£); 
^7l ^1 ^7l^, 

tfl-§-*Rr ^11 1 ^dtlr A^}7] *fl 1 ^ ^24; 

*)1 2 ^j^l -g-#*]H -8-71 n>nviiB] ^ t^sHI ^-g-^ ^1 2 

^°*M: *R^}7l *)} 2 7\*£ ZL^jl 

^y] A 1 ^r^l ^-71 1 #<#3\. ^7} A] 2 7^ ^d\] # 

71 *)1 2 #<g-3 X>1- ol^sr>^ p>nvi]^ v\)S_£\ ^6\) ^]o)b\^ 
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[3^* 16] 

15 *<M1 5U°H, 

17] 

*fl i6 w sa<>H. 

#7] 1 ^Cf^, 

#7l g #7) ufl5.il) ^ul}. JELefloJ, ^ #7] ^ l ^3 

USS* XMH» $fe *H 1 H^fl^l^Ei; zl^ji 

A oM 1 i^^j H^E^l^E^ sfry] ^ % ^ A}o]6\) <£^Q ^ j_ ^ 

18] 

*n 15 %hi sa°i^, 

#71 2 #J:^, 

#71 ^i^-^AijL^E-I^ a o V 7 ] 2 ^a 7> ^. 7 i p>ZLVil^ Tflsal ^ nfl ^. 

[^J^# 19] 

all 18 5U*H, 

#71 *n 2 *i# 
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7fl°lm«- 3fe *fl 2 ±sfl% BSH^I^; zl^ji 

^"71 2 H^l^E^ ^ ^ AHofl 2fl 2 ^tffl 

[^n 1 ^ 20] 

xl^E^; 

s^l -S-^m ^1 l €^s4; 

^•71 1 WlH^Olofl <£^Q 1 ^3flA]E-l^; 

^-71 l alH^^l^l ^1 2 ^sflA]E^; zle)jt 

^V7] 1 ^ *)] 2 7i2|]AlEi!-afl c-flolEi ^ B]iE^ W^ll- 
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